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THE APPARENT IRREVERSIBILITY OF T H E  
CALOMEL ELECTRODE 
BY A .  W. LAUBENGAYER 
Paschenl has pointed out that a mercury anode polarizes 
much more strongly in hydrochloric acid than in sulphuric 
acid. He attributes this difference to the formation of a 
coherent film of calomel. Since there was no obvious 
theoretical reason why a mercury anode should behave 
differently in the two solutions and since the difference of 
behavior, if real, might have a distinct bearing on the be- 
havior of the calomel electrode, Professor Bancroft suggested 
that I make some voltage-current runs under various condi- 
tions as part of my senior thesis. Preliminary qualitative 
experiments with a mercury anode in hydrochloric acid solu- 
tion showed that the anode became coated with a black film 
having a high apparent resistance. In  the quantitative runs, 
a piece of 7 mm glass tubing was bent round at the bottom and 
blown so as to form a cup two centimeters in diameter which 
was filled with mercury and served as the anode. The cathode 
was a small piece of platinum foil. In  the runs with a 
platinum anode, the latter resembled the platinum cathode 
but was bent horizontally so that it could be covered with the 
mercury salt. The electrodes were placed in a glass beaker. 
A Leeds and Northrup student potentiometer set was used 
to measure the voltage drop while the current was measured 
with a very sensitive galvanometer for small values and on a 
milliammeter for higher values. 
The following systems were studied : 
Hg (anode), M/1 HC1, Pt (cathode). 
Hg (anode), Hg2C12, M/1 HC1, Pt (cathode). 
Hg (anode), Hg,C12, M/1 KC1, Pt (cathode). 
Pt (anode), Hg2Cl2, M/1 HC1, Pt (cathode). 
Hg (anode), M/2 HzS04, Pt (cathode). 
Hg (anode) , Hg2S04, M/2 HzS04, Pt (cathode). 
Pt (anode) , HgzS04, M/2 HzS04, Pt (cathode). 
1 Wied. Ann., 39, 61 (1890). 
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The mercury was the pure redistilled product as obtained 
from the Department of Physics. The calomel was pre- 
pared by precipitation from dilute mercurous nitrate solution 
by pure hydrochloric acid. The mercurous sulphate was 
made by the electrolytic method as described by C1ark.l 
Kormal solutions of hydrochloric acid, sulphuric acid, and 
potassium chloride were made up in sufficient quantities so 
that all runs were made with the same solutions. The re- 
sults for sulphuric acid are shown graphically in Fig. 1 and 
for the chlorides in Fig. 2, the voltage drop being measured 
along the abscissas and the current along the ordinates. 
The curves in Fig. 1 are quite normal, the break coming 
a t  about the same place with the two mercury anodes and the 
curve rising less rapidly with the one for the solution con- 
taining mercurous sulphate, because of the increased re- 
sistance. Owing to lack of time no special study was made 
of the system with mercurous sulphate and platinum anode, 
as the important point for this investigation was merely the 
relative position of this curve as compared to  the correspond- 
ing curve in the chloride solutions. In  Fig. 2 we get a sharp 
The Determination of Hydrogen Ions, 157 (1920). 
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break for the platinum anode; but the other three are quite 
abnormal. With a potential drop of six volts the current is 
less than one milliampere as against ten milliamperes for two 
volts with a platinum anode, and as against four and ten 
milliamperes with two and a half volts for a mercury anode 
in a sulphate solution. A high resistance film is evidently 
formed on the mercury in all the chloride solutions. This is 
brought out more clearly in Fig. 3 which shows the behavior 
at lower voltages. The ordinates are galvanometer readings 
which can be converted into milliamperes approximately by 
multiplying by 0.016. With a mercury anode in hydrochloric 
acid and no mercurous chloride, a current of about 0.2 milli- 
amperes can pass before the film forms. When mercurous 
chloride is present in excess, the film forms a t  a lower current 
and lower voltage; but appears not to have quite so much 
resistance. There are a number of points in connection with 
these experiments which call for further study ; but the only 
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one that can be settled now is the composition of the high- 
resistance film. 
With mercury as anode in hydrochloric acid a silvery 
gray film formed a t  a low voltage which became darker and 
finally quite black as the voltage was increased. The film 
was removed carefully and examined under the microscope. 
It appeared to be composed of finely divided drops of mercury 
and 
this 
- 
some whitish, transparent, crystalline material. When 
crystalline substance was treated with dilute ammonia 
Fig. 3 
it  turned black, thus giving the test for calomel. Calomel 
was prepared electrolytically as recommended by C1ark.l 
Cnder the microscope it presented practically the same ap- 
pearance as the product obtained by anodic polarization. 
The experiments show that the apparent irreversibility 
of the calomel electrode is not real: but is due to the formation 
on the surface of the mercury anode of a strongly adsorbed 
film of mercurous chloride, which offers a high resistance 
to the passage of the current. If this is scraped off as fast 
1 The Determination of Hydrogen Ions, 135 (1920). 
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as formed, it becomes a simple matter to prepare calomel 
electrolytically1 at  a relatively low voltage. We do not know 
why mercurous chloride should behave so differently from 
mercurous sulphate in regard to forming a high resistance 
film. I am indebted to  Professor Chamot for aid in making 
the microscopic analysis and to  Professor Briggs for sugges- 
tions in regard to many details oi the work. 
Cornel1 University 
1 Lipscomb and Hulett: Jour. Am. Chem. SOC., 38, 21 (1916). 
